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(57) The method of compression molding an arti- 
cle such as a closure wherein a thermoplastic 
resin is mixed with additives including a metal- 
lic pigment additive, extruded through a nozzle, 
cut by a blade into individual pellets, and each 
pellet is deposited into the cavity of a mold 
which is then closed to compression mold the 
pellet into an article, including the step of ad- 
ding a blowing agent to the resin prior to 
extrusion in a quantity sufficient to randomize 
the metallic particles in the metallic pigment 
additive such that gaseous bubbles are pro- 
vided in the extruded melt and that the gaseous 
bubbles are substantially expelled during the 
compression molding resulting in an article that 
is substantially free of blemishes which nor- 
mally occur. Preferably, the method includes 
positioning a mixer plate in the path of the resin 
immediately prior to the nozzle. 



FIG. 3 
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This inv ntion relat s to compression molding 
plastic articles such as closur swher in the resin in- 
cludes metallic flak s. 

Detail d D scripti n 

A conventional melt delivery system used for 
compression molding is illustrated schematically in 
Fig. 1 . The resin along with metered quantities of col- 
orant and the additives are mixed and fed into the res- 
in hopper, and subsequently travel through the ex- 
truder for melting and blending. At the exit to the ex- 
truder, the melt is metered by a melt pump, providing 
a controlled volume of extrudate out of the melt pump. 
If the molds are in a remote position, the extrudate 
passes through a hose or conduit to a nozzle. As the 
extrudate emerges from the nozzle, it is cut by a ro- 
tating blade into individual pellets and deposited into 
successive cavities as they are conveyed beneath 
the-cutter blade. 

Such a process has previously been unsuccess- 
ful in the molding resin containing metallic pigment 
additives due to the formation of an aesthetically ob- 
jectionable pellet blemish on the surface of the arti- 
cle. For example, when the article is a closure having 
a base wall and a peripheral skirt, with threads on a 
surface thereof, such a blemish is readily noticed on 
the base wall. We have found that the above descri- 
bed delivery system causes the metallic flakes in the 
pigment to align in the direction of flow through the 
hose and nozzle such that they are parallel with the 
axis of the cylindrical shaped pellet as it exits the noz- 
zle. Referring to Fig. 2, during the cutoff of the pellet, 
this alignment remains largely undisturbed, such that 
at the juncture of the cylindrical sides of the pellet and 
the circular ends of the pellet, there is an abrupt 
change in alignment of the metallic flakes. We have 
found that this change in alignment is a major contri- 
butor of the pellet blemish effect, whereby the pellet 
is deposited in the cool cavity in a fairly random way, 
and the flake alignment becomes "frozen in" as the 
"skin" solidifies during forming against the cool cavi- 
ty. 

The material flow action during compression 
molding differs from that of injection molding. In com- 
pression molding, the pellet is placed in contact with 
the surface of the open mold and remains in this ini- 
tial position for the period of time required to close the 
mold. Only during the final stages of the closing of the 
mold does the pellet begin to be deformed and to be 
displaced to fill the mold. At this time, the material 
within the pellet is flowing, whereas the initial contact 
or "skin" area of the pellet remains essentially in its 
original position. This differs from injection molding 
where the material flows in from a central gate of 
small diam t r, and immediately flows radially out- 
ward into a fully dosed mold. This flow in injection 
molding r suits in alignm ntofth flakes as the melt 



is forced through the thins ctionsofth clos dmold 
immediat ly. Alignment of the flak s parali I to the 
closur wall r suits in a good metallic appearance. 
W hav found that to address this problem in 

5 compression molding from a melt suppli d in p llet 
form, it is necessary to randomize the flake particles 
immediately before entering the mold. This dispersal 
of flakes in the finished product reduces the effect of 
the abrupt change in alignment of the metallic flakes 

10 previously evident at the junction of the pellet ends 
and sides. Generally, however, any dispersal of orien- 
tation of the flakes also reduces somewhat the over- 
ail metallic effect at the top of the article such as a do- 
sure. The pellet blemish effect can be reduced by in- 

15 duding a non-smooth surface, such as a Charmille 
finish of #27, or by etching a suitable pattern in the 
base of the cavity. 

We have found that by adding a suitable blowing 
agent with the resin, it is possible to further increase 

20 the randomization of the flakes by using a heated 
mixer device. 

The combination of blowing agent and mixer plate 
has been found to provide other advantages: by en- 
couraging further foaming at the mixer plate by heat 

25 control, the mixer plate is more effective, due to the 
added mixing effect of the foam, and possibly an in- 
crease in pressure drop across the mixer plate. 

The addition of foam to the pellet has further ad- 
vantages, namely, the gas in tiny bubbles within the 

30 melt acts as initial insulation from the mold surfaces, 
reducing the freeze off effect and improving flow. 
However, the completed dosure does not retain any 
significant amount of gas pockets due to the high 
venting achieved and almost all the gas is expelled 

35 during forming. 

Description of the Drawings 

FIG. 1 is a schematic view of the prior art method 
40 of making compression molded artides such as do- 
sures. 

FIG. 2 is a schematic view of a further portion of 
the prior art method. 

FIG. 3 is a schematic view of a portion of the 
45 method in accordance with the invention. 

FIG. 4 is a sectional view of a portion of an appa- 
ratus utilized in the method of the invention. 

Description 

50 

A conventional melt delivery system used for 
compression molding is illustrated schematically in 
Fig. 1 . The resin along with metered quantities of col- 
orant and the additives are mix d and fed into the res- 
55 in hopper 10, and subsequently trav I through the ex- 
trud r 11 for melting and bi nding. At th xit to th 
xtrud r 11, th melt is m t red by a melt pump 12, 
providing a controlled volum f xtrudat outofth 
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melt pump 12. If the molds are in a remote position, 
the extrudat passes through a hos or conduit 13 to 
anozzl 14. As the extrudat emerges from the noz- 
zle 14, it is cut by a rotating blad 15 into individual 
pellets and deposited into successiv cavities as they s 
are conveyed beneath the cutter blade 15. 

Such a process has previously been unsuccess- 
ful in the molding resin containing metallic pigment 
additives due to the formation of an aesthetically ob- 
jectionable pellet blemish on the surface of the arti- 10 
cle. For example, when the article is a closure having 
a base wall and a peripheral skirt, with threads on a 
surface thereof, such a blemish is readily noticed on 
the base wall. We have found that the above descri- 
bed delivery system causes the metallic flakes in the is 
pigment to align in the direction of flow through the 
hose and nozzle such that they are parallel with the 
axis of the cylindrical shaped pellet as it exits the noz- 
zle. 

Referring to Fig. 2, during the cut off of the pellet, 20 
this alignment remains largely undisturbed, such that 
at the juncture of the cylindrical sides of the pellet and 
the circular ends of the pellet, there is an abrupt 
change in alignment of the metallic flakes. We have 
found that this change in alignment is a major contri- 25 
butor of the pellet blemish effect, whereby the pellet 
is deposited in the cool cavity in a fairly random way, 
and the flake alignment becomes "frozen in" as the 
"skin" solidifies during forming against the cool cavi- 
ty. 30 

The material flow action during compression 
molding differs from that of injection molding. In com- 
pression molding, the initial outer layer of the pellet 
in contact with the cavity essentially does not flow 
when the mold is open and must close fully before the 35 
material is displaced to fill the mold. At this time only, 
the inner material is flowing. This differs from injec- 
tion molding where the material flows in from a central 
gate of small diameter, and immediately flows radially 
outward into a fully closed mold. This flow in injection 40 
molding results in alignment of the flakes as the melt 
is forced through the thin sections of the closed mold 
immediately. Alignment of the flakes parallel to the 
closure wall results in a good metallic appearance. 

We have found that to address this problem in 45 
compression molding from a melt supplied in pellet 
form, it is necessary to randomize the flake particles 
immediately before entering the mold. This dispersal 
of flakes in the finished product reduces the effect of 
the abrupt change in alignment of the metallic flakes so 
previously evident at the junction of the pellet ends 
and sides. Generally, however, any dispersal of orien- 
tation of the flakes also reduces somewhat the over- 
all metallic ff ctatthetopofthearticl such as ado- 
sur . 55 

We have found that by adding a suitabl bl wing 
agent with th resin, it is possibl tofurth r increase 
the randomization of th flakes by using a heated 



mixer device 16 just prior to the nozzl 14 (Figs. 3 and 
4). Th mixer plate compris s a plurality of stationary 
elements 17 in a housing 16 having controlled h ating 
lements 18 for homogenizing th m It stream as is 
w II known in the art, enclosed in a heat d housing, 
the temperature of which can be controlled. Satisfac- 
tory elements are made by Koch Engineering Compa- 
ny, Inc., of Kearsarge, New Hampshire, in accor- 
dance with United States Patents 3,785,620 and 
3,871,624. 

By adding a suitable blowing agent with resin, it 
is possible to further increase the randomization of 
the flakes and by using endothermic agents, the de- 
gree of foaming can be controlled at the mixer plate 
by use of controlled heating via cartridge heaters. 
However, exothermic agents have also given satis- 
factory results. 

We have found that the temperatures prior to ex- 
trusion are preferably controlled such that the blow- 
ing agent is at its actuation temperature just prior to 
extrusion of the melt from the nozzle. This is achieved 
by controlling the temperatures of the melt. 

The combination of blowing agent and a mixer 
plate has been found to provide other advantages: by 
encouraging further foaming at the mixer plate by 
heat control, the mixer plate is more effective, due to 
the added mixing effect of the foam, and possibly an 
increase in pressure drop across the mixer plate. 

It has been found that the method of the present 
invention produces satisfactory articles such as plas- 
tic closures having a base wall and a peripheral skirt 
having internal threads from plastic resins such as 
polyolefins. Satisfactory closures have been pro- 
duced from polypropylene and polyethylene resins 
containing metallic flakes. 

Satisfactory blowing agents may comprise well 
known blowing agents including azodicarbonamide, a 
mixture of sodium bicarbonate and citric acid and a 
mixture of polycarbonic acids and inorganic carbon- 
ate compounds. 

The amount of blowing agent used is sufficient to 
reduce substantially the blemishes normally occur- 
ring in compression molding of res ins containing met- 
allic flakes. Furthermore, the amount of blowing 
agent must not be so great that the gaseous cells in 
the extruded resin will not be dissipated by the com- 
pression molding step and will remain in the molded 
article such that they are visible in any normal inspec- 
tion. 

Specific blowing agents which have been used 
comprise: an exothermic blowing agent such as azo- 
dicarbonamide blended in an ethylene vinyl acetate 
copolymer carrier with an activator sold by Quantum 
Chemical Corporation, Cincinnati, Ohi , under th 
trademark "Spectre* ch FM 1G62F" and having an ac- 
tivation t mperatur of160°C.;an xothermic bl w- 
ing ag nt such as az dicarbonamide (non-plating 
grade) sold by Uniroyal Chemical Company, Inc., Mid- 
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dlebury, Connecticut, under th trademark "CELO- 
GEN AZNP130", 3 micron particle siz ; an ndo- 
thermic blowing agent such as sodium carbonate and 
citric acid sold by Boehring r Ingelh im, Germany, 
und r th tradenam "Hydrocerol" and an ndo- 5 
thermic blowing agent such as a mixture of polycar- 
bonic acids and inorganic carbonate compounds in a 
polymeric carrier sold by J.M. Huber Corporation, 
Havre de Grace, Maryland, under the trademark "Ac- 
tiveX 235". 10 

The amount of azodicarbon amide as a blowing 
agent preferably ranges between about 0.2% and 
0.3% of the resin by weight The amount of sodium bi- 
carbonate and citric acid as a blowing agent ranges 
between about 0.25% and 0.5% of the resin by 15 
weight. 

Satisfactorily, metallic particles comprise bronze 
or aluminum flakes which are opaque to visible light 
and are less than a micron in thickness and under 50 
microns in length. 20 

EXAMPLE I 



have visual cells. 

It has b en found that by controlling h at of th 
extruder 11, melt pump 12, lin 13 and mixer 14, 
where a mix risus d, th heat of th melt and blow- 
ing agent can be controlled such that th temperature 
of the blowing agent is raised to its actuation temper- 
ature just prior to passing through the nozzle. 

Alternatively, utilizing an endothermic blowing 
agent, the temperature can be controlled to prevent 
premature actuation of the blowing agent 

It can thus be seen that there has been provided 
a method that results in reducing substantially the 
blemishes normally occurring in compression mold- 
ing. 

Although the invention has been described in 
connection with compression molding plastics con- 
taining metallic particles, it is also applicable to com- 
pression molding plastics containing particles which 
are insoluble and have a higher melting temperature 
than the plastic such that they would tend to cause 
blemishes in compression molding. 



Satisfactory results were achieved in compres- 
sion molding of polypropylene closures using the azo- 25 
dicarbonamide blowing agent (non-plating grade) 
"Spectratech FM 1062F"wherein the blowing agent 
and carrier comprised about 1.8 to 2.0% of the poly- 
propylene resin by weight; namely, about .24% azo- 
dicarbonamide (non-plating grade) in the melt. 30 

EXAMPLE II 

Satisfactory results were achieved in compres- 
sion molding high density polyethylene closures us- 35 
ing the blowing agent "ActiveX 235", wherein the 
blowing agent and carrier comprised about 2.4% of 
the resin melt 

EXAMPLE Ml 40 

Satisfactorily results were achieved wherein the 
sodium carbonate and citric acid blowing agent "Hy- 
drocerol" comprised was 0.33% of the resin by weight 
wherein the blowing agent was in powder form with 45 
mineral oil added for adhesion, the blowing agent 
having an activation temperature of 150°C and is en- 
dothermic. 

EXAMPLE IV 50 

Satisfactory results were achieved where the 
blowing agent "ActiveX 235" in a polymeric carrier 
was introduced int a high density poly thylen r sin 
in an amount of 2.4% by w ight.th blowing ag ntbe- 55 
ing endothermic. 

Ineachoftheabov examples, th resultant clo- 
sur sw r substantially free of blemish sand did not 



Claims 

1. In a method of compression molding an article 
such as a closure wherein a thermoplastic resin 
is mixed with additives including a particle pig- 
ment additive, said particle pigment additive 
comprises metallic particles, said resin mixture is 
extruded through a nozzle, cut Into individual pel- 
lets, and each pellet is deposited into the cavity 
of a mold which is then closed to compression 
mold an article, the improvement comprising 

positioning a heated mixer device in the 
path of the resin immediately prior to the nozzle, 

adding a blowing agent to the resin prior to 
extrusion in a quantity sufficient to randomize the 
metallic particles in the particle pigment additive 
such that gaseous bubbles are provided in the 
extruded meltand such thatthe gaseous bubbles 
are substantially expelled before the compres- 
sion molding is completed to form an article. 

2. In a method of compression molding an article 
such as a closure wherein a thermoplastic resin 
is mixed with additives including a particle pig- 
ment additive, extruded through a nozzle, cut into 
individual pellets, each pellet is deposited into the 
cavity of a mold, which is then closed to compres- 
sion mold an article, the improvement comprising 

adding a blowing agent to the resin prior to 
extrusion in a quantity sufficient to randomize the 
m tallic particles in th particle pigment additive 
and controlling the activati n temperature fsaid 
m It such that the blowing agent r aches 150°C 
activation temperature just prior to extrusi n 
through th nozzl , such that gaseous bubbl s 
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are provided in th xtruded melt and such that 
the gaseous bubbles are substantially xpelled 
before the compr sslon molding is completed to 
form an article. 

5 

In a method of compression molding a closure 
having a base wall and peripheral skirt with inter- 
nal threads wherein a thermoplastic resin is 
mixed with additives including a particle pigment 
additive, extruded through a nozzle, cut into indi- 10 
vidua! pellets, each pellet is deposited into the 
cavity of a mold which is then closed to compres- 
sion mold a closure, the improvement comprising 
adding a blowing agent tothe resin prior to 
extrusion in an amount sufficient to randomize 15 
the metallic particles in the particle pigment ad- 
ditive such that gaseous bubbles are provided in 
the extruded melt and in an amount sufficient 
thatthe gaseous bubbles are substantially expel- 
led before the compression molding is completed 20 
to form an article. 



13. The method set forth in any of claims 3 to 12 in- 
cluding the step of controlling th activation terrv 
p ratur of said melt containing the melt such 
that the blowing agent reach s 150°C activation 
temperatur just prior to xtrusion through th 
nozzle. 



4. The method setforth in claim 3 wherein said par- 
ticle pigment additive comprises metallic partic- 
les. 



25 



The method setforth in claim 3 or 4 including the 
step of positioning a heated mixer device in the 
path of the resin immediately prior to the nozzle. 

The method set forth in any of claims 1 to 5 
wherein the blowing agent comprises azodicar- 
bonamide. 



30 



The method set forth in any of claims 1 to 6 35 
wherein the amount of blowing agent comprises 
0.25% to 0.3% of the resin by weight. 

The method setforth in claim 6 or 7 wherein the 
amount of azodicarbonamide comprises 0.25% aq 
of the resin by weight. 



The method set forth in any of claims 1 to 5 
wherein said blowing agent comprises a mixture 
of sodium bicarbonate and citric acid. 



45 



10. The method setforth in any of claims 1 to 5 and 
9 wherein the blowing agent comprises 0.25% to 
0.5% of the resin by weight. 

11. The method setforth in claim 9 or 10 wherein the 
amount of sodium bicarbonate and citric acid 
comprises 0.33% of the resin by weight 

12- The method set forth in any of claims 1 t 5 
wher in said blowing agent comprises a mixture 
of polycarbonic acids and inorganic carbonate 
compound. 
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(57) The method of compression molding an arti- 
cle such as a closure wherein a thermoplastic 
resin is mixed with additives including a metal- 
lic pigment additive, extruded through a nozzle, 
cut by a blade into individual pellets, and each 
pellet is deposited into the cavity of a mold 
which is then closed to compression mold the 
pellet into an article, including the step of ad- 
ding a blowing agent to the resin prior to 
extrusion in a quantity sufficient to randomize 
the metallic particles in the metallic pigment 
additive such that gaseous bubbles are pro- 
vided in the extruded melt and that the gaseous 
bubbles are substantially expelled during the 
compression molding resulting in an article that 
is substantially free of blemishes which nor- 
mally occur. Preferably, the method includes 
positioning a mixer plate in the path of the resin 
immediately prior to the nozzle. 



FIG. 3 
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